February 1997 CULLY-GROWTH OF GUNNISON'S PRAIRIE DOGS
When plague struck, individual surviving prairie dogs remained widely dispersed. In the following breeding season, however, they aggregated into new colonies. These new colonies initially were small and at low densities; and were surrounded by habitat available for expansion of colonies as the populations grew. In spring 1986, I discovered a small population in the northern one-third of the valley, 5 km north of site 1 and 2 km west of Eagle Nest and established a second study area (site 2) there in April 1986. I found a third colony and located another study area in the middle-third of the valley at the south entrance to Eagle Nest Lake (site 3), 2 km south of site 1 in spring 1987. All three study sites were grazed by cattle. In October 1984, I marked the study area at site 1 with wire flags set at 20-m intervals over a 4-ha area to serve as a guide during trapping. In autumn 1984, trapping was concentrated in a 1.5-ha area at the southeast corner of the grid. During 1985, prairie dogs on the marked grid and the adjacent 2 ha were trapped at site 1. At sites 2 and 3, 2-ha grids of stakes were placed in a rectangle, 100 by 200 m, at the center of the prairie dog distributions in summer 1987. Trapping effort was concentrated in the marked areas, but at both sites some animals were trapped off the marked grids.
MATERIALS AND METHODS

I determined
I measured vegetation at sites 2 and 3 in June 1988, and at site 1 in November 1984 and June 1988, because vegetative differences between sites could contribute to differences in body mass. I quantified cover of foliage, categorized as grasses, shrubs, and other (mostly herbaceous perennials), with the line-intercept method (Canfield, 1941). At site 1, I measured cover along alternate 10-m segments of a 100-m tape laid perpendicular to the east edge of the study area, so that a distance of 50 m was measured along the line. Three parallel lines were measured for a total of 150 m in 1984, and one line was measured in 1988. At sites 2 and 3, I selected 15 grid-marker stakes by row and column number using a random-number generator. The selected stakes were the center points for 10-m sample lines set perpendicular to my direction of travel.
I trapped prairie dogs in single-door, folding, Tomahawk live traps (14 by 14 by 40 cm) baited with rolled oats, in order to mark and weigh individuals and to estimate the numbers present. As many as 50 traps were placed in groups of five or six around burrow clusters. During a trap session of 3-5 days, the traps were moved among burrow clusters when unmarked individuals no longer entered traps. I calculated individual growth rates of juveniles to determine if they could explain either changes in time to maturity or in survivorship. Growth rates are the difference in body mass from first capture to last capture in a year, divided by the number of days between captures. I calculated growth rates only when the time between first and last capture was ?10 days. I calculated growth rates at site 1 from captures in 1985, at site 2 in 1986-1987, and at site 3 in 1987. Growth rates of individuals were compared between areas with analysis of variance (ANOVA).
To further assess growth rates within populations, mass was regressed against number of days after emergence for each group. Because some animals had multiple captures, I calculated mean body mass and mean time since emergence for each individual. Differences between populations in rate of growth were tested by comparing regression slopes from the three sites. The null hypothesis of equal slopes was tested by the TEST option of procedure REG in SAS. The ANOVA of individual growth rates provides an additional test of the significance of the differences in growth rate. Emergence dates varied among years and occurred over a 2-3 week period within years. In years when emergence was late, comparison of body mass using calendar dates biases the data such that late-emerging animals will have less mass on a given calendar date than animals that have had a longer period to forage because they emerged earlier. Mean date of emergence was estimated as about the mid-point between the first and last known emergence. Although individual dates of emergence varied within years by as much as 3 weeks, using time since the mean date of emergence during a given year reduced the interyear bias. Comparisons of growth rate per se, estimated by the slope of the regression, were not affected by variance in date of emergence. The intercept, which estimates mass at emergence, is affected by that variance.
Differences in mass may explain differences in survivorship or fecundity. For each sex-age class, I compared body mass among sites by standardizing each mass to the time since the mean date of emergence (120 day for adults, 60 days for juveniles). Daily growth for the size age-class at a site (e.g., 3.08 g/day for adult males at site 2) was used to standardize mass. I then calculated the mean standardized mass for each individual. Mean masses of individuals were then compared among sites so that each animal was represented one time in the ANO-VA. Because mass of adult females did not show significant change in mass with time since mean emergence, masses of adult females were not standardized. Data from sites 2 and 3 were pooled for these analyses because both represent post-plague towns and because samples were small at site 3.
Leslie-matrix analysis was used to identify the importance of the different demographic parameters for population growth (Caswell, 1989). Extrapolating rates of population growth from a Leslie matrix requires assumptions that the estimates of survival and fecundity are correlated with age, population growth is density independent over the length of the projection (1 year in this case), and that the population is at a stable age distribution (Caswell, 1989). The first two assumptions were probably adequately met by these populations, but there were no data from this study on age structure. However, following plague epizootics it is unlikely that the populations were at a stable age distribution. Data for Individual gain in weight among adult males with multiple captures was greater at sites 2 and 3 (3.08 g/day, n = 11) than at site 1 (1.42 g/day, n = 19, F = 6.02, P < 0.05). Regression of body mass against time since mean emergence was significant for both site 1 and sites 2 and 3 pooled ( Table 1) . Mass of males was standardized to 120 days time since mean emergence. It differed between site 1 (745 g, n = 54) and the other two sites, site 2 (1,003 g, n = 13) and site 3 (1,160 g, n = 2), pooled (F = 17.0, d.f. = 1,67, P < 0.001).
Individual growth rates of adult females were -0.21 g/day at site 1 (n = 26) and 1.28 g/day at sites 2 and 3 pooled (n = 33), but they did not differ significantly (F = 3.39). The regression slopes for adult females were not significantly different from zero (Table 1) venile males grew significantly faster than juvenile females (Table 1) Thirteen adult prairie dogs captured at site 2 in 1987 were unmarked immigrants. Sites 2 and 3 were established by small local populations that initially were surrounded by unoccupied habitat (Table 2) . When it was established in April 1986, site 2 consisted of 17 prairie dogs on an area of ca. 2 ha (9/ha). When prairie dogs entered hibernation in October, the population occupied ca. 4 ha. In July, after the juveniles emerged from their natal burrows, six of 10 adult females and two of four adult males moved to the periphery of the town, leaving the juveniles with the original burrows. In Rates of age-specific survivorship and fecundity differed between site 1 and site 2 (Table 3) . Yearlings bred at site 2, but did not at site 1. Survival over the 1st winter was higher at site 2, as was fecundity. The total captures pooled for all three areas indicated a 1:1 sex ratio for juveniles (x2 2.905. In the sensitivity analyses, the most important factors accounting for the differences in X, were age at first reproduction, and survivorship over 1st winter at sites 2 and 3, and annual survival to age 3 at site 1 (Fig. 2) . whereas they did not at the pre-plague site. Finally, fecundity of females was higher at the post-plague sites. The result of these differences was that X, the projected population growth rate, at the post-plague sites was >3 x as great as at the pre-plague site. Observations on population change at sites 1 and 2 were similar to the rates of growth calculated by the analyses of life tables. Is it possible that plague could have been responsible for 13 females (out of 24) at site 1 not producing litters? I do not believe plague was a factor, because the 11 females identified as reproductive were identified on the basis of enlarged nipples, whereas the others had small nipples, and therefore were assumed to be nonreproductive in 1985. Also, because plague is so highly virulent and transmission so effective (Cully, 1989 (Cully, , 1993 , it is unlikely that there would be any survivors in family groups that acquired plague.
The changes in life history occurred in the absence of striking differences in the composition of vegetation or in weather. All four sex-age classes attained greater body mass at the post-plague sites than at the preplague site. There were differences in vegetation among the three colonies, but the variation did not correspond to individual rates of growth at the colonies. Grass cover and total plant cover were similar at sites 1 (1984) and 2 (1988), but higher at sites 1 and 3 in 1988, whereas body mass and growth differed greatly between those sites. Growth of juveniles and body mass of adults were higher at site 2 (low cover) and 3 (high cover) than they were at site 1 (low cover). Thus, plant cover per se did not account for differences in growth of juveniles and mass of adults.
Other attributes of the vegetation, which were not measured, may have correlated with growth of prairie dogs. For example, with reduced exploitation the most nutritious species of plants may have had more abundant palatable tissue, which would lead to faster growth later into the season. There was an increase in grass cover at site 1 from 1984 to 1988. This increase indicates that grass was not harvested as intensely following the plague as before, and therefore that a larger quantity of nutritious forage should have been present. Grass cover, was similar at sites 3 and 1 in 1988. Grass cover was lower at site 2, but I do not know if it changed from before the plague.
In other studies of Gunnison's prairie dogs (Rayor, 1985) and black-tailed prairie dogs (Cynomys ludovicianus--Garrett et al., 1982), growth rates of juveniles varied with the availability or quality of forage. In Colorado, Rayor (1985) found the average growth rate of juvenile males was 6.7 g/day and that of juvenile females was 5.4 g/day at one site, a rate slightly higher than I found at site 1. At another, higher-quality site, Rayor (1985) reported growth rates for juvenile males of 8.2 g/day and for juvenile females of 7.1 g/day, compared to 6.3 g/day for males and 5.3 g/day for females at my sites 2 and 3.
Mean size of litters at emergence from natal burrows of female Gunnison's prairie dog in central Colorado were 5.3 young (at Blue Mesa) and 6.6 young (at Quartz Creek). At the former site, 32 of 93 females weaned litters, and at the latter site 8 of 15 females weaned litters (Rayor, 1985) . Thus, reproduction per female was 1.8 and 3.5, respectively. These figures are comparable to those at site 1 (1.5 young/female) in the Moreno Valley, but are lower than those at sites 2 and 3 (5.0 young/female).
Age at first reproduction decreased and fecundity rates increased in the Moreno Valley following plague. Black-tailed prairie dogs usually reproduce first at the end of their 2nd year (Hoogland, 1995). C. gunnisoni in Colorado (Rayor, 1985) , and C. ludovicianus (Garrett et al., 1982) show increases in fecundity with increased growth rates. Black-tailed prairie dogs at a new colony also recruit younger animals into the reproductive population. This was presumably because fresh habitat at the edge of the colony provided unlimited food, which contributed to faster growth.
